We studied spatial summation for S-cone ON and OFF signals as a function of retinal eccentricity in human subjects. S-cone isolation was obtained by the two-colour threshold method of Stiles, modified by adding blue light to the yellow background. Test stimuli were blue light increments or decrements within a circular area of variable size. These were presented for 100 ms at 0 to 20 deg along the horizontal temporal retinal meridian. Ricco's area of complete spatial summation was measured from the threshold vs. area curves. This was nearly constant and approximately the same for both types of stimuli within the 0-5 deg range and increased beyond this range. The decremental area increased faster, suggesting that separate mechanisms, presumably ON and OFF, integrate S-cone increments and decrements. The results appear to provide new evidence for the existence of separate S-cone ON and OFF pathways. We compare the data with known morphology of primate retina and assume that, if S-cone decrements are detected via separate OFF cells, these should differ in density and dendritic field size from the S-cone ON cells, but only in the retinal periphery.
Introduction
Daylight vision in primates is subserved by three types of cones, short-wavelength (S-cones), middlewavelength (M-cones) and long-wavelength (L-cones). The M-and L-cone signals are fed, via interneurons, into two ganglion cell types of roughly equal density, ON and OFF, excited by luminance increments and decrements respectively (W€ a assle & Boycott, 1991) . Scone OFF ganglion cells are encountered less frequently than S-cone ON cells in the primate retina and lateral geniculate nucleus (De Monasterio, 1979; Derrington, Krauskopf, & Lennie, 1984) and doubts about their existence have been expressed (Malpeli & Schiller, 1978 , reviewed by Calkins, 2001 Lee, 1996; Martin, 1998) . There is, however, strong psychophysical evidence for the existence of separate ON and OFF visual pathways receiving excitatory input from the S-cones, both in humans (i.e. DeMarco, Smith, & Pokorny, 1994; Krauskopf, Williams, & Heeley, 1982; McLellan & Eskew, 2000; Schwartz, 1996; Shinomori, Spillmann, & Werner, 1999) and monkeys (Smith, Harwerth, Crawford, & Duncan, 1989) . Contrary to the subcortical ON-OFF asymmetry, recent recordings from the primate visual cortex revealed equal number of S-cone ON and OFF neurons (De Valois, Cottaris, Elfar, Mahon, & Wilson, 2000) . Sign-conversion was assumed to occur at the cortical level in order to explain the change in the ON-OFF relationship.
The identification of a single retinal ganglion cell class, the small bistratified cell (SBC), as the S-cone ON cell (Dacey & Lee, 1994) and its morphological characterization in the human retina (Dacey, 1993) , offer the possibility to link human visual S-cone psychophysics to retinal structure and function. In fact it has been found that the sampling frequency of the SBCs matches Sacuity in humans (Anderson, Zlatkova, & Demirel, 2002; Calkins, 2001 ) and the area of complete spatial summation changes with eccentricity in parallel with the reciprocal of SBC density (Volbrecht, Shrago, Schefrin, & Werner, 2000) .
The debate about the presence and morphology of Scone OFF cells makes the psychophysical characterization of vision following S-cone OFF stimulation even more challenging. In previous work (Vassilev, Zlatkova, Manahilov, Krumov, & Schaumberger, 2000) we studied sensitivity to S-cone selective increments and decrements in quantal catch (further denoted as ''S-cone increments and decrements'') as a function of stimulus size. The test stimulus was presented at a fixed retinal eccentricity (12.5 deg). When stimulus area was small, the decrement threshold was markedly higher than the increment threshold. This is a rather strange relationship in view of the frequent observation of a lower decrement than increment threshold over a wide range of adaptation and stimulus conditions, particularly scotopic conditions (e.g. Patel & Jones, 1968) . Increasing stimulus area reduced, eliminated or even reversed the difference in sensitivity. It seems therefore natural to seek an explanation of the finding in terms of spatial properties of the mechanisms responsible for detection of Scone ON and OFF signals. To this end we measured the area of complete spatial summation. Complete spatial summation is said to occur when the product of stimulus area and threshold intensity is constant. The constancy is usually referred to as Ricco's law. In our experiments, the area over which Ricco's law is obeyed was larger for decrements than for increments, a finding suggesting a higher degree of neural convergence for S-cone OFF signals than S-cone ON signals.
The above finding was assumed to be a psychophysical correlate of the asymmetry of the ON and OFF visual pathways receiving S-cone input (Vassilev et al., 2000) . The study of Volbrecht et al. (2000) provides indirect support for this assumption. The authors measured Ricco's area with S-cone selective increments and found it to increase at eccentricities larger than 4 deg of arc and to be inversely related to the SBC density. Volbrecht et al. (2000) did not investigate spatial summation for decrements. Since a difference in summation of increments and decrements has been found at a fixed peripheral location (Vassilev et al., 2000) , it was necessary to see whether the same difference exists at other retinal locations.
Methods

Apparatus and stimuli
The two-colour threshold method (Wyszecki & Stiles, 1982) was applied to isolate the S-cone signals. The apparatus used has been previously described (Anderson et al., 2002; Vassilev et al., 2000) . In brief, the source of blue light was a monitor (Sony 500 PS or EIZO T562-T) and the source of yellow light was a slide projector with a yellow glass filter. A beam splitter directed both sources to the right eye of the observer. The light spectral composition was measured at the eye with the instruments described by Anderson et al. (2002) and Vassilev et al. (2000) and is shown in Fig. 1 . The blue lights were essentially the same for both EIZO and Sony monitors (chromaticity coordinates x ¼ 0:144, y ¼ 0:072 and x ¼ 0:146, y ¼ 0:07, respectively) and their spectral curves are presented in Fig. 1 . The yellow light used in most experiments (see below) had the spectral composition labeled ''Background 1'' in Fig. 1 . Yellow light denoted as ''Background 2'' was used in a control experiment. The chromaticity coordinates were the following: ''Background 1'': x ¼ 0:585, y ¼ 0:392; ''Background 2'': x ¼ 0:515, y ¼ 0:479; The monitors were calibrated using a light meter (OptiCAL,Cambridge Research Systems, Rochester, UK). All test stimuli and the fixation mark were generated using a Visual Stimulus Generator VSG 2/3 of the same manufacturer.
If no other parameters are specified, the background consisted of a 360 cd/m 2 yellow light component (Background 1 in Fig. 1 ) and a 3 cd/m 2 blue light component. Viewing distance was 57 cm where the background subtended 29 deg horizontally and 21 deg vertically at the eye. The test stimulus was a blue luminance increment or decrement within a circular area of variable size, ranging from 0.24 to 5 deg in diameter. The stimulus was triggered by the observer (at approximately 5-7 s intervals) and was presented for 100 ms at 0, 1 (or 2), 5, 10, 15 and 20 deg along the horizontal temporal retinal meridian of the right eye. The eccentricity of 1 or 2 deg was selected individually for subjects MSM and KR on the basis of a pilot study aimed at determining the place of maximum sensitivity to small test stimuli. Fig. 2 illustrates the outcome of the pilot experiment for subject KR. The test stimulus was 0.3 Fig. 1 . Relative spectra of the blue and yellow lights used in the experiments. In order to present both blue light luminance increments and decrements, the background consisted of 360 or 600 cd/m 2 yellow light and 3 or 0.9 cd/m 2 blue light (see the text for details).
deg in diameter. Sensitivity was higher at 1, 1.5 and 2 deg in comparison with sensitivity at 0 deg in agreement with the known low S-cone density and even absence of S-cones in the central 20 min of arc retinal zone (Curcio et al., 1991) and the existence of foveal tritanopia (Williams, MacLeod, & Hayhoe, 1981) . Due to the small differences in sensitivity at 1, 1.5 and 2 deg, 2 deg was selected for the remaining subjects as the distance next to fovea. If not explicitly stated, viewing was with the natural pupil. Pupil size, monitored by a camera during the experiment with observers MA, MSM, KR, YV and ZS, was within the range of 3.6-4.1 mm. Thus, the retinal illumination by the yellow background component was within the 3.57-3.7 log photopic trolands range. In order to check whether or not this level of illumination ensured stimulus detection by the S-cone mechanisms, increment threshold was measured as a function of the yellow background intensity at the fovea and at 15 deg in the periphery. Stimulus diameter was 0.5 deg for the central presentation and 2 deg for the peripheral presentation. Three observers were tested including the one with the smallest pupil (KR). As is shown in Fig. 3 for KR, the yellow background intensity of 360 cd/m 2 used in most of the present experiments was on the plateau of the threshold/background intensity curve where detection is S-cone mediated. The question of rod isolation was also addressed. The joint retinal illumination by the yellow and blue background components was between 3.23 and 3.34 log scotopic trolands, the exact value depending on the individual pupil size. Scotopic contrast sensitivity is reduced at this illumination level (Wyszecki & Stiles, 1982, pp. 544-547) and the spectral sensitivity follows the p1 shape within the range of our blue test stimuli (Vassilev et al., 2000) . Nevertheless, control experiments were performed at a higher yellow-light retinal illumination, 4.41-4.48 log photopic trolands (4.28-4.34 log scotopic trolands). This illumination level was obtained by both increasing the yellow light component to 600 cd/m 2 and dilating the pupil with Tropicamide (1%) which resulted in a 7-8 mm pupil. The equipment described by us previously (Anderson et al., 2002) was used in this part of the experiment. The spectrum of the yellow light followed the curve ''Background 2'' of Fig. 1 , thus invading more of the rod sensitivity range than ''Background 1'' in the same figure. The mean luminance of the blue light was 0.9 cd/m 2 . Sphero-cylindrical refractive correction for the eccentricities tested was ascertained by retinoscopy for each observer and subjectively adjusted to achieve the highest possible apparent contrast for a blue grating near the resolution acuity on the yellow background. Two of the authors (MBZ and RSA) served as observers in this experiment.
Stimulus retinal eccentricity was determined by the distance between the test stimulus centre and the fixation mark. For foveal presentation, the fixation mark consisted of two vertical and two horizontal white lines pointing to a central 2 deg free area. The observers looked at the imaginary crossing point. A 0.5 deg white cross was the fixation mark in all other cases. Eye position and movements were controlled by a camera and displayed on a monitor. All measurements were preceded by two minutes of adaptation to the background. 
Psychophysical procedure
The psychophysical procedure involved a double staircase method. Initially, it was combined with the Yes/No method with 10% catch trials. Two of the subjects (YV and ZS) gave more than 10% false alarms. Their results were discarded after the initial three daily sessions and a temporal two-alternative forced choice method (2AFC temporal) was applied for these subjects (three correct-one incorrect staircase variant). The same method was used with two of the authors MBZ and RSA. The initial step size was 0.2 log units, reduced after two reversals to a final one of 0.05 log units. The mean of six reversals at the final step was calculated as the daily threshold value. The threshold was measured as log DI=I in percentage, where DI is the threshold luminance modulation and I is the luminance of the blue background component. Increment and decrement thresholds were measured in separate daily sessions with observer MA, in separate blocks of trials within a single daily session with observers YV and ZS and within the same block of trials with all other observers. In the last case, a single staircase was devoted to each type of stimulus, increment or decrement, the two staircases being randomly interleaved. If the thresholds were measured in separate blocks, the double staircase method was applied. The diversity of measurement strategies was due to technical restrictions, namely the availability of particular computer programs during different stages of the experiments. A daily session lasted about 1 h and included measurement of 18 thresholds. One or two daily training sessions preceded the data collection. Four to six thresholds from different days were averaged as the final mean and their 95% confidence interval was calculated using Student's t-test (unpaired) and the relevant degrees of freedom as determined from the daily session means.
Observers
Seven observers, 19-50 years old, took part in the experiments. Their colour vision was tested by Rabkin's colour plates (Eighth Edition, Moscow, 1985) , The City University Colour Test and Album Tritan de Ph. Lanthony (Lineau Ophthalmologie, Paris, 1985) . No test revealed colour perception abnormalities in our subjects. Informed consent was obtained from each subject before testing. (Vassilev et al., 2000) . The increment threshold for small stimuli was lower than the decrement threshold, the difference tending to disappear with increasing stimulus area. These relationships did not exist in the fovea or up to 5 deg peripherally. The increment threshold in this region was equal to or slightly higher than the decrement threshold. The threshold/area curves were nearly parallel suggesting an overall higher sensitivity to decrements than to increments. However, a pronounced area effect was seen in the periphery. In order to be sure that the observed change in the relationship between sensitivities to S-cone specific increments and decrements is not due to rod intrusion in the periphery, we performed the experiments at two different levels of retinal illumination. The data with observer MA were obtained at 360 cd/m 2 yellow (''Background 1'' in Fig. 1 ) and 3 cd/m 2 blue background components with a natural pupil. The data with observers MBZ and RSA were obtained at 600 cd/ m 2 yellow (''Background 2'' in Fig. 1 ) and 0.9 cd/m 2 blue component with dilated pupils. The relationship between increment and decrement thresholds as a function of retinal eccentricity was the same under both experimental conditions. Our conclusion is that the results obtained with Background 1 and with natural pupil could not be due either to rod or M and L cone intrusion. Control experiments (Vassilev et al., 2000) with the yellow background component removed (blue test stimuli on blue background) or with red stimuli presented on red background showed that the above differences between increment and decrement thresholds in the periphery only exist for S-cone selective stimuli. The effects of retinal location and stimulus size were studied in more detail with four other observers. Background 1 and natural pupils were used throughout these experiments. The thresholds were measured at 0, 1 or 2, 5, 10, 15 and 20 deg from the fixation point along the temporal meridian. The results for two of the observers are shown in Fig. 5 . The results for the other two subjects were essentially the same, the only difference being a much larger area of complete spatial summation for decrements for Observer KR at 20 deg than the other observers. This difference is seen in Fig. 6 and Table 1 where Ricco's areas are shown for all four observers. Each row in Fig. 5 is for one eccentricity and each column is for one observer. The increment and decrement thresholds were similar to each other at or near the fovea, however, increment threshold was usually higher than the decrement threshold by 0.05-0.15 log units for the different observers. The foveal curve for increment thresholds was nearly a vertical upward translation of that for decrement thresholds. A paired Wilcoxon range test of the data for all four observers and all stimulus areas at zero eccentricity showed a statistically significant superiority of sensitivity for decrements at 0 deg (p < 0:01).
Results
A shift of the test stimulus to the retinal periphery caused a marked change in the relationship between increment and decrement thresholds. The threshold/area functions became clearly different at eccentricities larger than 10 deg. The decrement curve assumed a higher position than the increment curve at small stimulus areas and merged with or even crossed it at larger areas. The decrement thresholds for the smallest stimuli were so high that only the increment threshold could be measured. This is why the points for decrements at 15 and 20 deg in Fig. 5 start from larger areas than for increments. The decrement threshold was reduced more than the increment threshold on increasing stimulus area thus suggesting higher efficiency of spatial summation for decrements than increments.
In order to obtain quantitative data on spatial summation, the raw log threshold/log area data were approximated by bilinear functions following the leastsquare procedure described by Bogartz (1968) . The slope of the first limb of the function was constrained to )1 while its free parameter as well as both parameters of the second limb were allowed to vary. These bilinear approximations are shown by dashed lines for increments and by solid lines for decrements in Fig. 5 . A slope of )1 in the double logarithmic coordinates indicates constancy of the threshold intensity-area product, i.e. complete spatial summation. The intersection of the two lines was assumed to provide an estimate of the area of complete summation, i.e. Ricco's area. The slope of the second limb of the bilinear function, averaged across observers and eccentricities, was )0.389 (S.D. 0.089) for increments and )0.374 (S.D. 0.133) for decrements. Both values are lower than the slope of )0.5 expected from Piper's law of spatial summation. One out of the 48 threshold/area functions was better fitted by a single regression line and the size of Ricco's area could not be determined (Observer YV, increment threshold at 15 deg).
The data processing followed closely the procedure described by Volbrecht et al. (2000) in order to facilitate comparison of results. It should be noted that the range of stimulus sizes used by those authors allowed them to describe the first limb of the bilinear function using more data points than the range used by us. This was for technical reasons. They used a Maxwellian-view optical system that enabled them to present the intensive luminance increments required when measuring thresholds for small stimuli. We used a monitor as the source of the blue stimuli that allowed convenient presentation of both luminance increments and decrements. Due to the low blue luminance of the monitor in conjunction with the beam splitter, the luminance could only be varied in the ±3 cd/m 2 range. Because of the narrow luminance range of the test stimulus, no reliable threshold measurements could be performed at durations shorter than 100 ms with stimuli of area smaller than Ricco's area. Stimulus duration was 50 ms in the experiments of Volbrecht et al., and 100 ms in the present experiments.
The estimated Ricco's areas of the four observers are presented as a function of retinal eccentricity in Fig. 6 . Only the incremental data could be compared since Volbrecht et al., have not measured decrement thresholds. Despite the different experimental conditions, both sets of Ricco's areas fall in the 2.25-4.5 log(min 2 ) range and both display a monotonic area increase at eccentricities larger that 4-5 deg. However, unlike the data of Volbrecht et al., most of the present area/eccentricity functions did not exhibit a measurable minimum outside the fovea. Another difference from their data was the steeper slope of the second limb in the bilinear functions obtained by us, )0.389 (S.D. 0.089) against their value of )0.11 (S.D. 0.26). Volbrecht et al. presented the stimuli along the superior vertical meridian and we presented them along the temporal horizontal meridian. Whether or not the above differences are due to the known radial asymmetry of the S-cone distribution Values represent area diameter in minutes of arc. All figures are rounded to the nearest integer number. The confidence intervals are calculated from the log transformed data and are presented in Fig. 6 . (Curcio et al., 1991) is not clear. They might also be a result of the longer test stimulus duration in our experiments than those of Volbrecht et al., leading to increased spatial probability summation. The essential new information in Fig. 6 comes from comparison of Ricco's areas for increments and decrements. While the area determined using decrements was similar in size to that for increments in the central retina (up to 5-10 deg), it increased at a higher rate thereafter. This pattern was seen in all observers. The ratio of decrement-to-increment Ricco's areas was between 2.18 and 4.37 at 15 deg and between 1.45 and 10.0 at 20 deg for the different observers.
Discussion
Detection asymmetries using S-cone increments and decrements have been reported previously. Krauskopf et al. (1982) have described selective adaptation effects resulting from viewing fields varying in colour in a sawtooth fashion. Shinomori et al. (1999) as well as McLellan and Eskew (2000) have shown that S-cone ON and OFF stimuli are detected by mechanisms with different spectral sensitivities. As far as we know, the present study is the first to provide data on spatial summation of S-cone OFF signals across the retina. It seems to be also the first to compare the effects of retinal eccentricity on spatial summation of S-cone increments and decrements. It was shown that Ricco's area for decrements increases at a higher rate than for increments with increasing eccentricity. The S-cone ON-OFF asymmetry in spatial summation described by us earlier (Vassilev et al., 2000) was found to exist at the retinal periphery only.
Subjectively, blue light increments appeared as pale violet spots on the yellow background while the decrements were seen as saturated yellow spots. The difference in colour between test stimulus and background might contribute to stimulus detection in addition to luminance modulation, or might even be the only stimulus cue. Thus, the higher decrement threshold compared to the increment threshold at the retinal periphery might be caused by adaptation to the yellow background at an opponent site (Pugh & Mollon, 1979) that shifted the neutral point of the blue-yellow channel towards yellow, a process known as channel polarization. Channel polarization towards yellow would bring the response/intensity function close to the saturation range for blue luminance decrements (McLellan & Eskew, 2000) and thus diminish their detectability, particularly when a strong response is needed as is the case with small stimuli. While explaining the higher decrement threshold in the peripheral retina for small stimuli in comparison with the increment threshold, this mechanism cannot explain either the lower decrement threshold for large peripheral stimuli nor the results within the central retina where the decrement threshold was equal to or even lower than the increment threshold.
The present finding of different areas of summation of S-cone selective increments and decrements suggests that different neural mechanisms are responsible for their detection. This is new and independent evidence for the existence of separate pathways conveying S-cone ON and OFF signals (e.g. McLellan & Eskew, 2000; Shinomori et al., 1999) . We assume that, under the present experimental conditions, luminance increments evoked larger ON than OFF responses while luminance decrements resulted in predominance of OFF responses. The reasons for this assumption have been already described (Vassilev et al., 2000) . We review them briefly here and add some literature sources not mentioned previously. Stimulus duration was 100 ms. Calculations using the temporal impulse response for achromatic vision, a large stimulus field and high adaptation level, i.e. 7 · 10 4 trolands, show nearly equal responses to stimulus onset and offset at this duration (Krauskopf, 1980) . The small stimulus size in the present experiments, as well as the low blue-light level (0.9 or 3 cd/m 2 ), should result in a more sustained impulse response (see, e.g. Barlow, 1958; Swanson, Ueno, Smith, & Pokorny, 1987) . The intense yellow background was essentially invisible to the S-cones and should not directly affect their temporal properties or the properties of their pathways. The effect of the yellow background via the other receptors is to reduce the temporal contrast sensitivity function (tCSF) of the S-cone system (Wisowaty & Boynton, 1980) . Indeed, the tCSF, obtained at the adaptation level of the present experiments is low-pass with a sharp decline above 4-6 Hz (unpublished data). Such a tCSF is typical for the chromatic system (Swanson et al., 1987) and suggests that the first lobe of a response to a 100 ms pulse should be larger than the second lobe.
The data for S-cone distribution across the retina (Curcio et al., 1991) as well as the identification of a single retinal cell type, the small bistratified ganglion cell (SBC), as the S-cone ON ganglion cell (Dacey & Lee, 1994) and its morphological characterization in man (Dacey, 1993) offer the unique possibility to relate the psychophysical data to retinal morphology. It is tempting to see how many S-cones and SBCs are included in a Ricco's area or what is the relationship between the diameter of Ricco's area and the dendritic field size of SBCs. Any quantitative data would contribute to our understanding both of S-cone vision and Ricco's law in general. (It should be noted that the relationship between retinal physiology and Ricco's law is in no way straightforward. Sensitivity of ganglion cells varies across their receptive fields and there is no evidence of complete spatial summation being determined at the retinal or higher level.) For the comparisons presented in Fig. 7 , Ricco's areas for increments and decrements were calculated as the mean of the data obtained from our four observers. The individual values are presented in Table 1 . The data about S-cone density in the temporal retinal meridian were taken from Curcio et al. (1991) and the data for dendritic field size (inner tree) and density of SBCs were taken from Dacey (1993) . Some of the above morphological data are given in units of retinal size rather than in visual angle units. When a visual angle-toretinal area conversion was needed, Drasdo and Fowler's (1974) non-linear equation was used. The analysis involves the 5-20 deg range of eccentricity. Our reasons for not including data for more central vision are the following. Only a few SBCs have been identified in the central retina (Dacey, 1993, Figs. 1 & 7) ; the individual variability of S-cone density along the foveal slope is large (Curcio et al., 1991) ; punctate S-cone sensitivity at and around the fovea is also highly variable (Williams et al., 1981) ; the fixational errors and movements of the eye together with the steep gradient in S-cone density (Curcio et al., 1991, Fig. 7 ) make it difficult and misleading to compare the psychophysical data for the foveal and near-foveal vision with the underlying morphology. Volbrecht et al. (2000) found Ricco's area to increase in the 4-20 deg range, a range where S-cone density is almost constant thus exhibiting an increased convergence of cone signals with eccentricity. Fig. 7A confirms this finding for the temporal retinal meridian. The figure represents the calculated number of S-cones within a single Ricco's area as a function of retinal eccentricity and stimulus sign. Open symbols and dashed line are for increments. Filled symbols and solid line are for decrements. It can be seen that the area of complete summation involved an increasing number of S-cones with increasing eccentricity. The number of S-cones increased from about 10 at 5 deg eccentricity to some 45 cones at 20 deg for the incremental Ricco's area and to about 90 for the decremental area.
Again like Volbrecht et al. (2000) , we found the diameter of Ricco's area to increase at a higher rate than SBC dendritic field with eccentricity (Fig. 7B) . The source of the faster increase of the area of complete summation with the eccentricity might be an extension of lateral contribution by the retinal interneurons. It is known that the receptive field centre of retinal ganglion cells is larger than their dendritic fields and this might be due to the dendritic tree having access to photoreceptor information via bipolar and amacrine cell processes (Peichl & W€ a assle, 1983) . Another possible reason for a faster increase of the area of complete summation might be the involvement of a larger number of SBCs in the periphery (see below). Still another possibility is the involvement of the large bistratified cells, identified recently as the second S-cone ON ganglion cell type in the macaque retina (Dacey, Petersen, Robinson, & Gamlin, 2003) . Volbrecht et al. (2000) report that Ricco's area for Scone increments is inversely proportional to SBC density across the retina. The lowest graph in Fig. 7C compares Ricco's areas for S-cone increments and decrements from our experiments with the reciprocal log density of SBCs (from Dacey, 1993 , assuming constant coverage factor). The SBC-curve has been shifted vertically to a position where its leftmost point coincides with the same point of the incremental log area curve. This allows for the comparison of changes in Ricco's area with changes in cell density. The similarity of the incremental Ricco's curve with the SBC-curve suggests that, for the 5-20 deg eccentricity range, the ratio between area and cell number is nearly constant. The number of SBCs underlying a unit area of complete summation of luminance increments for the separate eccentricities was calculated and turned out to be between 2 and 4 with no Dacey (1993) . (C) Log Ricco's area and the reciprocal of log density of the small bistratified cells plotted as a function of retinal eccentricity. Open circles and a dashed line--incremental Ricco's area; closed circles and a thin solid line--decremental Ricco's area; Closed triangles and a thick gray line--the negative log density of the small bistratified cells. The log density curve is adjusted vertically to coincide with the log area curve at its leftmost end. definite evidence for eccentricity dependence. The results suggest that, on average, 3 cells are included within the area of complete summation. However, measurements further in the periphery are needed in order to see whether or not Ricco's area involves a constant number of SBCs or their number varies with eccentricity.
It is also seen that Ricco's area for decrements in Fig.  7C differs from both the incremental Ricco's curve and the SBC-curve. Could the comparison of Ricco's area for increments with a known cell type be used to gain some insights about the still unidentified S-cone OFF ganglion cell type (see below)? If the finding of a nearly constant number of SBCs per unit area of complete summation (Volbrecht et al., 2000 ; the present study) is also valid and the same for the S-cone OFF cells, the fact that Ricco's area for blue-on-yellow increments and decrements are of similar size within the central visual field might be due to a nearly equal density of S-cone ON and OFF cells. On the other hand, the larger Ricco's area for decrements than increments for eccentricities above 10 deg might be a psychophysical correlate of the physiological findings (reviewed by Calkins, 2001; Lee, 1996; Martin, 1998 ) of a lower S-cone OFF-cell density than ON-cell density. A lower OFF-cell density in the periphery, if accompanied by an increase of dendritic fields, would not only explain the higher decrement than increment threshold for small stimuli but also the observed crossing of the threshold/area curves with increasing stimulus size (Fig. 5, 15 and 20 deg) .
An S-cone OFF ganglion cell has been recently reported in the primate retina (Dacey, Petersen, & Robinson, 2002) . If this underlies the behavioral response to S-cone decrements and if its density is lower than the density of S-cone ON cells in the peripheral retina only, a long-lasting contradiction between psychophysics and physiology of S-cone vision might be resolved. Psychophysicists have repeatedly failed in their attempts to find a correlate of the physiological asymmetry in density of S-cone ON and OFF pathways (DeMarco et al., 1994; Schwartz, 1996; Smith et al., 1989) . This might be due to the fact that they looked for the asymmetry at or near the retinal centre where it might not be present. We must wait for studies on the retinal distribution of single units excited by S-cone selective stimulus onset and offset before accepting the cellular explanation of the present data and the proposed solution for the contradiction between psychophysics and physiology of S-cone vision.
